Specificity and catalysis of uracil DNA glycosylase. A molecular dynamics study of reactant and product complexes with DNA.
The structure of uracil DNA glycosylase (UDG) in complex with a nonamer duplex DNA containing a uracil has been determined only in the product state. The reactant state was constructed by reattaching uracil to the deoxyribose, and both complexes were studied by molecular dynamics simulations. Significant changes in the positions of secondary structural elements in the enzyme are induced by the hydrolysis of the glycosidic bond. The simulations show that the specificity of the uracil pocket in the enzyme is largely retained in both complexes with the exception of Asn-204, which has been identified as a residue that contributes to discrimination between uracil and cytosine. The hydrogen bond between the amide group of Asn-204 and O(4) of uracil is disrupted by fluctuations of the side chain in the reactant state and is replaced by a hydrogen bond to water molecules trapped in the interior of the protein behind the uracil binding pocket. The role of two residues implicated by mutation experiments to be important in catalysis, His-268 and Asp-145, is clarified by the simulations. In the reactant state, His-268 is found 3.45 +/- 0.34 A from the uracil, allowing a water molecule to form a bridge to O(2). The environment in the enzyme raises the pK(a) value of His-268 to 7.1, establishing a protonated residue for assisting in the hydrolysis of the glycosidic bond. In agreement with the crystallographic structure, the DNA backbone retracts after the hydrolysis to allow His-268 to approach the O(2) of uracil with a concomitant release of the bridging water molecule and a reduction in the pK(a) to 5.5, which releases the proton to the product. The side chain of Asp-145 is fully solvated in the reactant state and H-bonded through a water molecule to the 3'-phosphate of uridine. Both the proximity of Asp-145 to the negatively charged phosphate and its pK(a) of 4.4 indicate that it cannot act as a general base catalyst. We propose a mechanism in which the bridging water between Asp-145 and the 3'-phosphate accepts a proton from another water to stabilize the bridge through a hydronium ion as well as to produce the hydroxide anion required for the hydrolytic step. The mechanism is consistent with known experimental data.